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Abstract

The Space Environments Complex (SBC) NASAOGs Pl uisicuBntlpleing St at i on
prepared to perforrthermal vacuuntesting of the Oriospacecraft. This thermal vacuuor T-

VAC test will be run for a period of 60 days, which will be the longesh $est ever conducted

at SEC TheOrion Crew Module (CM) and Service Module (SM)ll undergoT-VAC testing in

SECO0s Space Simulation Vacuum t@esesysterearahigho ensu
vacuum environment at extremeold temperatures.

TheT-VAC test setupn SECwas modeledrad simulated in Thermal Desktophd initial

results fronthermalanalysis shoedareas orthe chamber floor to reastery lowtemperatures
which werebelowthe minimum operatingangeof certain hardwartcated on or near the
chamber floorThese hardware includirglastomeric seals on ti&N; piping, bearing padand
O-ringsareessential tdoothtest andhe operation ofhe SECfacility, and must be kept well
above-20°F throughout theluration of the TVAC test Thus, further analysis was conducted to
include the placement of patch heaters on tlaentfer floor in an effarto increase the
temperature neawlder areas on the floofhe results and findings from thasalysisshowed

that using these heaters will resultifavorable temperature distribution on the chamber floor.
This paper will discss the methods used in the analysis, and the results obtained to determine
the optimal configuration of the$eaters on the chamber floor

Introduction

The OrionMulti-Purpose Crew Vehicle (MPCV) has been designed and developed by NASA for
future spacefliht missions tdurtherpush the boundaries of human space exploration. The first
flight, EM-1 will be the first test that integrates both the Orion spacecraft and the Space Launch
System (SLS). This unmanned mission is projected to launch in 2020, afigl thibusands of

miles beyod the Moon farther than any spacecraft built for humans has ever flown.

Figure 1: Depiction of Orion spacecraft during spaceflight.
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Figure 2: Aerial view of the Space Environments Center (SEC).

Early next year, the Orion CM & SM will underdeVAC testing inthe SECfacility (formerly

known the Space Power Facility) at Plum Brook Station in Sandusky, Si{@includes the

Space Simulation Vacuum Chamber, whicloisated in the center of SE&sshown in Figure

2. The Space Simulation Vacuum Chamber is the largest and most powerful vacuum chamber in
the world, with a height of 122 feet and diameter of 100 feet. The chamber can sustain a high
vacuum at a minimum pressurexf10® torr, andis camble of providing a higlemissivity

thermal background environmeotit-250°F to 140°FTherefore, facing the CM & SM in the

vacuum tiamberfor a 68day T-VAC testwill test its structure and functionality in conditions

very similar tothe environment that Orion will be expogedn itsdeep space missions.

Approach

A diagram of the IVAC test setup at SEC is shown in Figure 3. The vacuum chamber includes

a cryogenic shroud, or cryoshroud, athis enclosed by blue cryowalls as showtthie diagram

During T-VAC, the Orion CM & SM will be placed sidethe4 0 6 x 4006 cr yewii hr oud,
maintain a temperature e25C°F asGN: flows into the systenThe basement contains all of the

GN:2 piping that feeds into the vacuum chamlI8#C alsdancludes glatform orwalking plate
thatprovides acceg® theinside of thevacuum chamber. The entire SEC facilitgisrounded

by a massiveuter concrete enclosure, which has an outer diameter de&42nd a height of

nearly 160 feetAnotherpart of SEC is th annulus, or the area between the chamber and the

outer concrete enclosymhichmaintains gressure of about 105 torr during testing.
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Figure 3: T-VAC test sdup at SPF.

The entire SEC facility was modeled using Thermal DesKI@) software and includes all of

the aforementioned systems, as well as the piping and other intricacies within SEC. Diffusion
nodes were also included in the model to represent the volume of air within the annulus and
basement in order to determine hthe air within the facility will impact the temperature of
various SEC systems duringVIAC testing. Other thermal conditions were also assumed, such
as the outer surface of the concrete enclosure being hel@ 4 to represent the outside
temperature ding testing.
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Figure 4: Results from initial thermal analysis for the SEC thermal model.
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The main objective dhe initial thermabnalysis was to investigate the temperature distribution
within the facility during the FTVAC test, specificallthe chamber, basement, and air within the
annulus and basement regions. The plot imfeigt shows the results from timétial thermal
analysis for the SEC thermal model. The results from this st&tatly case provided valuable
information on the temperatudestribution along the chamber floor. The chamber floor

temperatures of particular interest because hardware in SEC that is essential to testing is located

very close to the chamber floor.

In order forthe T-VAC testto be succssful, it is importanthathardware such as the elastomeric
seals on the basement pipingri@gs and Capralon bearing pads remain above their minimum
operating émperatures o20°F throughout the testhe plot in Figure 4 shows the chamber
floor temperature to get as cold-23°F, which isof coursdess than the minimum operating
temperature of the hardwarhe most effective way taddress this problem aedsure that the
chamber floor remains well abov20°Fis to add patch heaters to the chamber floor in areas
where thedemperature is the lowegthe following section will provide a detailed explanation of
how this was done in the TD model.

Model

The patch heaters that were chosen forghrsicularapplication are OMEGALUSIlicone

rubber fiberglass heaters. These Beawere chosen because thag lightweight, thin,

insulated, flexible and capable of applying heat evenly to surfibey.are also equipped with

sensors to monitor their temperature during testihgseheatera r e

each

180x180

density ofs W/in?, andwill be installed in bays locatechderneath the chamber flodthe
heaters also have a power limit of 1620 W, whialst not beexceeded during testing.
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Figure 5: Heater location on SEC Chamber Floor.
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The diagram in Figure 5 shows tlegationof all 24 heatersnthe SEC chamber floor. The
placement of heaters outlined in this diagram was deternineel the optimal configuration
because this will allow heat to be evenly distributed across the entire chamhewffimbr will
reducethetemperature gradient across ttemberloor. The heaters (light orange) were placed
in 4 different rows along the floor, and centered within their respective bay (red). More heaters
were grouped near the center of the chamber floor #ieciitial results showed this particular
area to be the coldest on the floor. Thidug tothe location of the cryoshroud, which is directly
above the center of the chamber flddeatersvere also applied to areas where {pibes

penetrate through the floor, whielsocaused cold@potson the chamber floor.

The diagram in Figure 6 shows how the heaters were applied to the chamber floor in the TD
model, which ighe sameonfiguration shown in Figure $he thermhanalysis was run for a
steadystateand transientase, which had a total periofl 30 hours. In the model, the heaters
were set to 0% power during steastgte (at t=0 s), and then set to run in proportional mode
during transient (at t > 0 s). This was done in order to simulate agasstscenario intich the
chamber is allowed tmitially get as cold as possible followed the activation of the heaters.
This allowed ugo observehe full capability of the heaters to increase the temperature of the
chamber floor, and determine how long it takedlierheaters to reach steady state.

The heaters were modeled to turn on and off based on the temperaturesre$pleetive

sensing node, or controlldfor instance, the on temperature was set to 40°F, while the off
temperature was set to 50°F. Esselytighe heaters are modeled to turn on at the end of steady
state (t > 0 s), and continue operating until their respective sensing node reaches 50°F. When the
sensing node drops to 40tRe heaters will once again turn on.

* 24 Heaters
+ 1600 W
* Ontemp = 40°F
* Off temp = 50°F

[—1 zone1l

Zone 2

4 Controller

Figure 6: Heater diagram and configuration in TD Model.
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Two controllers were used to corittbe operation of the heatetberefore each heater was
divided into 2 zones as shown by the whitd eed boxes in Figure 6. In TD, tvparticular

nodes on the chamber floor wechosen as the sensing ngdend the temperatures of these
sensing node wereused to control the response of the heat&wghe heaters cycle on and off
based on the temperature of their particular sensing neplesented by the white arrows in the
diagram An iterative process was done in order to determine which sensing nodes enabled a
favorable, cyclic response of the heaters.

Figure 7 shows the heater position relative to the @ping configuration in th&EC basement

This diagram provides furer justification for the placement of the heaters, which were placed
closer to areas near pipe penetratidine heaters in Zone 2 are controlled by one sensing node,

and are placed in areas with more pipe penetratasshown in Figures 6 andAs a esult,

these heaters will be kept on for a longer period of time than the heaters in surrounding areas (i.e.
Zone 1 heaters).

Figure 7: Heater diagram with GN2 piping configuration.

Results

The postprocessed plots from the transient analysis are sihoWwigures 8 and 9. Figure 8

shows the temperature distribution across the chamber floor for the-statglgase, which

shows very cold temperatures as expected. Figure 9 shows results at the end of the transient case,
at t = 30 hours. As expected, tHeamber floor temperature noticeably warmer, especiatgar

the heaters. The minimum temperature of the chamber floderneath the cryoshroud,

increases from32.5°F to 12.5°F, which shows that the heaters have a significant impact on the
chamber flor temperature, and caffectivelyraise its temperature well abo\20°F.
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Figure 8: Chamber floor temperature distribution att =0 s.
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Figure 9: Chamber floor temperature distribution at t = 30 hrs.
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Figure 10: Transient response of the sensingpdes.

The transient response of the sensing nodes is shown above in Figline $@nsing node
temperatures initially very low since the heaters are turned off for steady state (t¥bes is

a similar response for bosiensing nodg which consists of &irly quick increae in

temperature, followed by slight oscillations due to theisgn®de approachintpe on and off
temperatures, 46 and 50°F, respectively. The sensing ntetaperature for Zoneihcreases

faster than that fafone 2 since the Zone 2 sensing node is placed in a colder area on the
chamber floor near more pipe penetrations. At about t = 12 hours, the Zone 1 sensing node
reaches steady state, while the Zone 2 sensing node reaches steady state within about 24 hours

Figure 11 shows the transient response of the heaters in the top row on the chamber floor. The
trend in the plots for each heater matches that of their designated sensing node, which involves a
quick increase due to all the heaters turning on at thefestdady state, and then cycliag

their sensing node reaches the on and off temperature. Heater 4 starts out with the coldest
temperature in this row since it is located near more pipe penetrdtaonthe other heaters

Heater 4 also takes the longastount of time to reacsteady statejue to the temperature of its
sensing node. The responses for the heaters in subsequent rows follow very similar trends shown
in Figure 11, and therefgrare included in the Appendix section.
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Figure 11: Transient response of heaters in the top row on the chamber floor.

The plot in Figure 12 shows the power output per heater in eaclozenthe30-hour period.

The heaters are shown to reach a maximum of 1600 W when they are initially turned on, which
is followed ky a cyclic responses they turn on and off based onitts&nsing node temperature.
As shown inthe previous plots, the power output steadaesser for the Zone 1 heaters than those
for Zone 2, indicating the heaters reaching steady state.
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Figure 12: Power output per heater over time
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Conclusions

The T-VAC test setup for the Oriospacecraftvas modeled and simulated in Thermal Desktop.
This TD model includes patch heaters that wegppliedto the chamber floor in an effoto

increasats temperatureThe results fronthe transienainalysis showhatthe heaters were able

to significantly increase thehamber floor temperaturespecially in the colder areasar GN

pipe penetrationd he results from the transient ratso showed thehamber flooto have a
minimum temperature df3°F at the end of the ruwhen the heaters reached steady state, which
is well above-20°F. Thus, these results helped to ensure that certain SEC hardware will remain
fully functional during FVAC testing

This analysisalso made it possible to determine the optimal configuration and placement of the
heaters on the chamber floor. Each heater was modeled to output a maximum power of 1600 W,
which is slightly less than its limit of 1620 W. Even with this condition, thecheatere $i

able to effectively warnthe chamber floor, which shows that the heatarsremain well within

their operating limits tancrease the chamber floor temperat@specially when thegutput less

power when reachingteady stateThe temperatre gradientn different areaacross the

chamber floor was also kept within a reasonable ranbieh results in less thermal stress on the
chamber floor

Finally, each heater was able to reach steady state within a period of 30Siwceshis case
represented a worsiase scenario in which the heaters are initially turned off, this can be
considered a very favorable response shown by the heaters. Duriaigesting, the
temperature of the vacuum chamber will start from atmospheric temperat@@nd the
heaters will only be turned on when the chamber floor reaches extremely low temperatures.
Therefore, these heaters will be more than sufficient for maintaining the chamber floor
temperature within an acceptable temperature range throughalutrétsn of the test.
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Appendix

The following figures show the transientpesse of the heaters in the second, third and bottom

rows on the chamber floor. The trends in these plots are very similar to those shown in Figure 11
for heaters in the first row on the chamber floor. The heaters all turn on at the end of steady state,
ard then proceed to cycle as their respective sensing node approaches the on and off temperature.
The heaters in Zone 1 all have the same cycle. Similarly, the plots for the Zone 2 heaters also
follow the same trend.

Figure 13: Transient response of heaterin the second row on the chamber floor.
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